Objective: To evaluate evidence regarding grocery store tours as an effective nutrition education medium for improving nutrition knowledge and food-related behaviors. Design: A systematic literature review of studies published from 1984 to 2015 concerning grocery store (or supermarket) tours and impact on nutrition knowledge and behaviors. Three investigators independently reviewed articles, extracted details, and assessed the quality of each study. Results: Of 307 citations identified, 8 were reviewed and 6 were of neutral quality. Increases in nutrition knowledge were reported in 4 studies, as evaluated by investigator-designed quizzes, with short intervals between tours and assessments. Six programs assessed behavior change using subjective reports or objective purchasing behavior measures; 2 studies did not perform statistical analyses. The 6 studies that reported positive health-related outcomes had varying topics, tour lengths, and target audiences. Conclusions and Implications: Grocery store tours are increasingly used as an avenue for nutrition education to improve knowledge and/or alter food selection behaviors and may result in positive outcomes, but it is unknown whether these outcomes persist for longer than 3 months after the tour and whether there are common attributes of effective grocery store tours. More rigorous studies with uniform methodology in study design and outcome measures are needed to confirm the effectiveness of supermarket tours.
INTRODUCTION
Despite a well-established link between healthful dietary patterns and lower risk of chronic disease, many adults and children fall short of dietary recommendations that promote health. 1 One activity that may facilitate the achievement of healthful dietary patterns is grocery shopping for healthy foods. Interestingly, the average number of trips to a supermarket in the US has declined from 2.2 trips/wk in 2010 to 1.5 in 2015, 2 likely owing to a continued increase in eating away from home 3 and greater use of convenience foods. [4] [5] [6] Participants in a recent focus group indicated that price and knowledge about the risks and benefits of food choices were important motivators for healthful grocery purchasing choices. 7 In addition, 53% to 62% of US consumers report at least sometimes using nutrition facts labels, 8, 9 but many perceive actual label comprehension and use for product comparisons to be confusing and difficult skills. 10 Researchers and policy makers have called for strategies to increase nutrition label use and comprehension. 1, 9, 11, 12 One method to address consumers' grocery shopping practices and increase nutrition label comprehension is facilitator-led grocery store (or supermarket) tours. Such structured tours take small groups through a grocery store to teach participants strategies and skills that enable healthful food purchasing choices. Dietitian Leni Reed is credited with beginning supermarket tours in the early 1980s, as she took individuals out of traditional classrooms and brought them into stores for experiential learning. 13, 14 Based on the practicality of grocery stores containing tangible food items and providing contextual learning environments, supermarket tours have flourished as a nutrition education medium. However, the effectiveness of grocery store tours has not been evaluated systematically.
A recent systematic review summarized many supermarket-based interventions. 15 Only 2 grocery store tours were included, and findings were pooled with other assorted point-of-purchase interventions that used shelf markers or printed brochures as the primary intervention. 15 In contrast, the current review focuses only on outcomes from in-person grocery store tours to examine the effectiveness of contextual learning on consumer knowledge and behaviors.
In the current review, a supermarket tour or grocery store tour is operationally defined as the dissemination of nutrition information and/or food shopping strategies by an educator to a small group of individuals while moving from aisle to aisle within a market that sells a wide variety of food products. Using this definition, 3 primary research questions guided this review: (1) Do grocery store tours lead to knowledge gains? If so, are increases in knowledge retained $ 3 months after the intervention? (2) Do grocery store tours lead to behavior change? If so, do these changes remain $ 3 months after the intervention? (3) What attributes of grocery store tours are associated with health-related outcomes being positively met? Three months was considered a desirable follow-up interval based on the Transtheoretical Model of behavior change, which considers this to be an appropriate estimate for the transition from an action to a maintenance stage of change. 16 
METHODS

Search Strategy
One graduate student of nutritional sciences (CJN) and 2 registered dietitian investigators (HM and SNR) conducted a systematic search and review of the literature published between December, 2014 and June, 2015, using guidelines published by the Centre for Reviews and Dissemination. 17 Two Internet databases were used to identify resources (EBSCO Host Academic Search Complete and the Springer Standard Collection, which index over 14,000 journals and abstracts). Search terms, used in varying combinations, included ''tour,'' ''nutrition,'' ''grocery,'' ''education,'' ''supermarket,'' and ''grocery store.'' In addition, a manual search of each relevant article's references was conducted, and a cited reference search based on all relevant articles was performed to expand the scope to the latest publications via Web of Science.
For inclusion, resources had to have been published in English as a research-based article or abstract between January, 1984 and April, 2015, and had to have used a supermarket tour as a nutrition education method and reported outcomes directly attributable to the tour. All types of research designs were included. Contact with authors of relevant published papers was prohibited after the review was initiated, to avoid potential bias. 18 To provide a comprehensive review of the literature, studies were not excluded based on the type of grocer, size of the sample, target audience, specific focus of the tour's subject matter, or study design. Abstracts were not included owing to inadequate details for full data extraction and the inability to assess quality. A total of 307 citations were identified. After duplicates were removed, 241 records were excluded based on their title or abstract. One relevant article was not included because of the inability to locate research details beyond the title. The lead investigator examined 32 full-text publications. Articles were excluded if no knowledge or behavior outcome data were reported, if the tour did not match the operational definition provided, or if the supermarket tour had a minor role in the intervention and the outcomes could not be linked solely to the tour. Eight studies were included after exclusion criteria were applied ( Figure 1 ) and were critically reviewed by each of 3 investigators, during which details were extracted.
Data Extraction and Quality Assessment
Data related to study characteristics, participant characteristics, intervention, and setting, as well as outcome data and results were extracted from each study in the final critical review. 17 Although the focus was on nutrition knowledge and behavior, all outcomes were examined and evaluated. Each investigator independently performed data extractions, and component qualities were agreed upon after the authors discussed any discrepancies.
Additional records identified with reference lists
and a cited reference search, n = 10
Total records identified, n = 307
Records after duplicates removed, n = 274
Records screened, n = 274
Full-text records assessed for eligibility, n = 32
Records excluded based on title and/or abstract, n = 241
Studied included in qualitative synthesis, n = 8
Records identified through database searching, n = 297
Full-text articles excluded, n = 24
› Grocery tour played minor role in intervention, n =13 › No health-related outcome data, n = 7 › Only abstract available, n = 3 › Grocery tour held virtually, n = 1
Unable to obtain full-text of potentially relevant article, n = 1 Figure 1 . Flow diagram depicting study selection for the systematic literature review on grocery store (supermarket) tours.
Each study was classified as A, B, C, or D, according to the strength of the research design, based on the Evidence Analysis Manual's 19 hierarchy and classification system, to provide an initial snapshot of its level of evidence. A quality criteria checklist 19 was used to rate each study as negative, neutral, or positive. These ratings were based on answers to 4 relevance questions and 10 validity questions as determined by details reported in each article. If all relevance and most validity questions were positively answered as yes, an article was rated positive. In contrast, negative ratings were assigned when a minority of validity questions was answered positively, and neutral ratings were assigned when there was a mixture of positive and negative answers. Three investigators independently conducted quality assessments for each full article, and final quality ratings were agreed upon after any discrepancies were discussed. Research characteristics and quality ratings for each article are displayed in the Table. Unique measurement tools used across studies and insufficient reporting of statistical analyses prevented a meta-analysis. Thus, a descriptive synthesis that explored themes and limitations of the current body of research was conducted. Summaries regarding knowledge and behavior outcomes along with theoretical foundations of studies were prepared. The discussion of study characteristics associated with positive health outcomes includes only studies that reported statistical analyses, owing to limitations of implying significance without analyses.
RESULTS
Six studies were non-randomized noncontrolled trials with a D classification [20] [21] [22] [23] [24] [25] and 2 were non-randomized controlled trials with a C classification. 26, 27 Quality assessments of the 8 articles revealed 1 positive rating, 27 6 neutral, 20, [22] [23] [24] [25] [26] and 1 negative. 21 Some investigations did not explicitly report participant gender. [21] [22] [23] [24] Of studies that did, 20, [25] [26] [27] most hosted tours for exclusively female participants. [25] [26] [27] No studies reported the socioeconomic status of tour participants, but low socioeconomic status was inferred in 1 study that conducted tours with Special Supplemental Nutrition Program for Women, Infants, and Children participants. 26 The 2 most common foci for grocery store tours were general healthful dietary behaviors 21, 24, 27 and cardiac health-related dietary behaviors. 20, 23 
Study Designs
Six studies used a non-controlled trial research design in which an intervention group was the only source of data. [20] [21] [22] [23] [24] [25] Pre-post tests were used to assess participant outcomes in 4 of these studies [22] [23] [24] [25] whereas the other 2 included only posttests. 20, 21 Two programs used naturally occurring control groups in their recruited participant pool to compare with their tour group. 26, 27 None of the studies cited sample size goals based on power analyses. Sample sizes ranged from 9 participants 20 to 947. 24 Of 7 studies that reported the size of tour groups, [20] [21] [22] [23] [24] [25] 27 the majority had groups of # 15. 20, 21, 23, 25, 27 In addition, statistical analyses were not presented in 2 of the 8 articles.
20,21
Knowledge
Five of the studies measured knowledge change in participants 20, 22, [24] [25] [26] ; 4 of these found that participants had an increase in knowledge after the tour. 20, 22, 25, 26 Investigator-designed, topic-specific, multiple-question quizzes were the most common method for knowledge assessment. 22, [24] [25] [26] These quizzes were given to participants before and after attending the tour, to assess change. One study assessed knowledge change based on participants' written reports of information they had gained after the tour in an open-answer format, and increased knowledge was reported based on the number of individuals who opted to write in an answer. 20 None of the articles reported the validity or reliability of these instruments.
Each study that assessed knowledge 20, 22, [24] [25] [26] chose to measure this at unique time intervals after the tour. One study assessed knowledge gain immediately after the tour without additional follow-up. 22 Other studies assessed knowledge with a delayed followup ranging from 1 week 24 to 1 month 20 and even up to 2 months after the tour. 25, 26 None of the studies that measured knowledge assessed retention $ 3 months after the tour, the amount of time that would place individuals in transition from an action to a maintenance stage of behavioral change. 16 
Behavior
Behavior assessments were collected in 6 of the 8 studies. 20, 21, 23, [25] [26] [27] Measurement tools were widely heterogeneous among studies, but most assessed behavior change with subjective self-reports from participants. Self-report measures varied from general reports of ''increasing variety in diets'' 20 or ''reducing fat intake '' 25 to reported frequency of using strategies presented or purchasing products highlighted in the tour. 21, 26, 27 One study assessed purchasing behavior change with objective measurements, by using grocery store loyalty card purchasing data for a 7-week period before the tour and a 7-week period after the tour. 23 Neither the validity nor the reliability of assessment instruments was addressed.
All 6 studies that assessed behavior change reported that participants had at least 1 positive behavior change after attending the grocery store tours. 20, 21, 23, [25] [26] [27] However, few studies described data analyses. 23, 26, 27 In addition, the interval between the grocery tour and followup with participants varied among studies. The shortest follow-up interval was 1 month after the tour 20, 27 and the longest interval was 3 months after the tour. 21 The study using loyalty cards was unclear regarding the interval between the tour and the follow-up data collection; it simply reported that data were collected for a 7-week period. 23 
Attributes of Tours With Positive Outcomes
The 8 studies measured additional health-related outcomes, such as participant intentions, 21, 22, 25, 26 attitudes, 24, 26 dietary behavior, 20, 21, [25] [26] [27] and purchasing behaviors. 23 The current researchers extracted characteristics from the 6 articles that reported statistical analyses. [22] [23] [24] [25] [26] [27] Of these 6 studies, 5 found positive change in at least 1 healthrelated outcome. 22, 23, [25] [26] [27] The topics of these tours varied, audiences differed by age and gender, and the length of tours ranged from 1 1.5-hour session 23, 25 to 3 1-hour sessions. 26 Increased knowledge and behavior change were reported after adult women of low 
Primary Results
Knowledge: Student group increased from 5.3 to 6.4 posttour (P < .01) and 6.2 at follow-up (P NR). Adult scores increased from 5.8 to 6.8 posttour (P < .01) and 6.6 at follow-up (P NR).
income completed 3 1-hour tours. 26 Increase in knowledge was reported by parents and children after attending a tour focused on whole grains. 22 A cardiac dietary pattern was emphasized in 1 1.5-hour tour that led to greater purchasing of heart-healthy foods among participants (the characteristics of which were not reported). 23 Adult women reported positive behavior change after attending 1 2-hour tour on general healthful dietary behaviors. 27 Children and adults reported a statistically significant increase in knowledge after completing a 1 1.5-hour grocery store tour focused on low-fat foods. 25 Additional details of each study are found in the Table. Theoretical Basis
Only 1 article mentioned a theoretical basis for the grocery store tour. 26 The Smart Shoppers Tour was based on the Theory of Planned Behavior and Selfefficacy Theory with the goal ''to increase the purchase of healthy foods by mothers on limited incomes (p. 323).'' 26 This study found positive changes in attitudes and intentions related to tour goals. 26 Although they did not report the theoretical basis, 3 additional studies measured intentions and reported positive change in participants after attending tours. 21, 22, 25 Participant attitudes were measured in 1 additional study, but no change was found after participants attended a tour. 24 Of the 4 studies that found positive changes in these theoretical mediators of dietary behavior change, all reported additional positive changes when they measured participant knowledge or behavior. 21, 22, 25, 26 
DISCUSSION
The objective of this review was to identify attributes of grocery store tours that promote and sustain improvements in knowledge and behavior change. Low-quality studies prevented the ability to answer the primary research questions. Limited evidence suggests that grocery store tours have the potential to increase knowledge and improve behaviors, but such studies are unique regarding multiple design parameters, and commonalities across studies do not exist to guide practices adequately at present. When was used to rate each study as negative, neutral, or positive. Ratings were based on answers to 4 relevance questions and 10 validity questions according to information reported within each article. If all relevance and most validity questions were checked as yes, an article was rated positive. In contrast, negative ratings were assigned when a minority of validity questions was answered positively, and neutral ratings were assigned when there was a mixture of positive and negative answers.
measured, theoretical mediators of behavior change were positively changed, which suggests that foundations in behavior change theory would be recommended when creating future supermarket tours. To develop highquality evidence of effective practices, valid and reliable methodological tools and high-quality study designs should be used in the future. Supermarket tours are a unique mode of education that requires collaboration with grocers as well as the transportation of educators and participants to an atypical site, and are often conducted with small-size groups. Their distinct requirements and popular use warrant the demand to produce evidence of their effectiveness. The most salient observation from this review and synthesis of studies is the lack of reported qualities commonly anticipated in scientific articles. Two investigations did not report statistical analyses, and thus their results were only descriptive in nature with limited ability to make inferences. None of the publications included statements acknowledging institutional review for research involving humans. One research team that partnered with an elementary school mentioned approval from an education director. 24 This suggests that tours were designed for programmatic and practical purposes, with lesser emphasis on effective systematic assessment. None of the articles addressed the reliability and validity of instruments, which cannot be assumed. No studies reported power analyses for sample size needs. The studies performed with small samples were assumed to be underpowered, and effects would be more difficult to detect. Finally, the lack of control groups was an inherent limitation of the noncontrolled trial design used by the majority of studies included in this review. No study used a study design with an Aor B-quality classification.
Increased knowledge was reported in several studies. 20, 22, 25, 26 However, each assessment was custom-created for the tours' specific focus, and thus was inconsistent across interventions. Therefore, synthesis of results should be made with caution. The short intervals between tour and assessment should also be considered, because a lack of longerterm follow-up prevented the ability to address the impact of knowledge retention beyond 3 months after the tour.
Retention of participant knowledge gain beyond the short term cannot be assumed without longer-term testing.
In all studies that assessed behavior, participants had at least 1 positive behavior change after attending a supermarket tour. However, concerns regarding social-desirability bias were present with many of the studies using self-report measures. The corroborating positive results from the study that used objective purchasing data from receipts and loyalty card information lent further evidence to suggest that positive behavior change may have resulted from attending grocery store tours. However, the longest posttour follow-up of 3 months was in a study that did not report statistical analyses, 21 so sustained change has yet to be determined indisputably.
Constraints of included studies made it difficult to develop strong conclusions regarding characteristics that define an effective grocery store tour. Identifying tour qualities related to any of the additional outcomes was not feasible with the current research and the limited number of high-quality studies available. Studies that found significant positive healthrelated outcomes did not differ appreciably from studies that did not report these outcomes. This indicates that qualities related to successful change in positive health-related factors may be found in unreported or unmeasured facets of such interventions.
This review of the literature had recognized limitations. It is possible that inclusion of abstracts and unpublished work would have better informed
Identification of Need
◊ Conduct a community nutrition needs assessment to identify whether a grocery store tour is necessary (and what type of nutrition education intervention is desired) for the target audience Tour Components ◊ When available and appropriate for the target audience, use a previously existing curriculum to facilitate comparability of results across previous studies and program reports of grocery store tours ◊ If an appropriate curriculum is not available:
» Ground a new tour in a theoretical framework of behavioral change » Develop the tour based on appropriate dietary guidance for the target audience » Establish content validity with expert review Research Design ◊ Apply a strong design, such as randomized controlled trial or clustered randomized trial, to optimize strength of outcomes and conclusions from the grocery store tour ◊ Conduct a power analysis to identify the sample size needed to detect the tour's effect ◊ Obtain approval for research with human participants before initiating the tour ◊ Conduct statistical analyses, beyond simply reporting of participant characteristics Assessment ◊ Tailor the evaluation to the dose and content of the tour ◊ Measure outcomes using tools with established validity and reliability 
IMPLICATIONS FOR RESEARCH AND PRACTICE
Because the current literature regarding grocery store tours is primarily composed of lower-quality study designs, promising knowledge and behavior outcome results are not robust. Recommendations for future studies in this area are presented in Figure 2 . Future research should use stronger study designs, including randomized controlled trials, to show a clear relationship between intervention and any change in participants. Instruments to measure health-related knowledge and behavior change should be valid and reliable. Knowledge and behavior should be measured at least 3 months, if not 6 months, after the tour to evaluate whether changes are maintained. Encouraging results from studies using behavior change theory, support the use of theories when developing and conducting future research on supermarket tours.
